With the advance of experiment, many high excited states of meson are identified. It is found that many of them are difficult to fit into conventional qq meson spectra. Various explanations are proposed. One of them is the four-quark states or molecules of two mesons. In the framework of quark model, by taking into account of multi-body interaction, four-quark states are studied. The results show that the scalar mesons: f 0 (600), f 0 (980) and Y(2175) can be well described by four-quark states. Furthermore, unquenched quark model, which incorporates the four-quark components in the conventional qq states, is constructed for mesons. By readjusting the model parameters, the model can give a good description of mesons. The model is also used to study the newly discovered XYZ particles.
Introduction
Hadrons (meson and baryon) are the strong interacting systems, which are the main source we get the information of quantum chromodynamics (QCD), the fundamental theory of strong interaction. Because of the complexity and the non-perturbative property of QCD in low-energy region, To get a reliable results for hadrons is still a challenge task for QCD. Although lattice QCD, QCD sumrule, Dyson-schwinger approach and other non-perturbative method make some impressive progresses recently, the QCD-inspired quark model is still a powerful and common used method to study the properties of hadrons.
In quark models, the naive picture of meson (qq) and baryon (qqq) achieved a tremendous success on the properties of hadrons due to the unique color structure of hadrons. However it also limits us to obtain the more information on color properties of QCD. Multiquark system is indispensable to explore the various color structure of QCD [1] . In fact, there are many high Fock components in a meson state in addition to qq, |M = |qq + |+ |qqg + |q 3q3 + · · ·
In naive quark model, the effects of high Fock states are renormalized into the parameters. In most case, it is a good approximation, especially for ground state hadrons with heavy quarks. Recently, BaBar, Belle and other collaborations discovered some new charmonium-like states ("XYZ" states) above the open charm threshold, which is difficult to fit into the conventional pictures of cc mesons [2] . A lot of explanations are proposed for "XYZ" states, tetraquark states, molecular states, hybrid, charmonium, etc. [2] .
To unify the description of mesons, the construction of unquenched quark model is needed. In the unquenched approach, the high Fock components are taken into account. The present work is trying to study the charmonium spectrum by including the four-quark component in addition toin the calculation. 
The meson spectra are obtained by solving the following Schrödinger equation
where ψ lm is the relative orbital motion wave functions, ψ cs f is the color-spin-flavor wave function. ψ lm (r) can be expanded by means of Gaussian functions with different size [8] 
Gaussian size parameters are taken as geometric progression
With r 1 = 0.1 fm, r n max = 2.0 fm and n max = 7, we can obtain converged results. The model parameters and part of the obtained meson masses are shown in the Table 1 and 2, respectively. The more detailed results can be seen in Ref. [9] . Table 2 , one can see that the calculated meson masses are consistent with experimental values. The masses of mesons with orbital angular momentum L = 1 are also given in Table 2 . As in other work, the low-lying scalar mesons, f 0 (600), f 0 (980), · · · and most newly observed states Y(2175), X(3872), · · ·, can not be described well in the model. A possible reason is that those states are tetraquark states, which we present in the following section.
The String model for tetraquark states
In multiquark system, the interaction among quarks is genuinely a multi-body interaction. The recent calculation of lattice QCD on the two-, three-, four-and five-quark systems show that the interactions among quarks can be approximated by the following formula [10] ,
where L i is the length of the i-th string which connecting quarks and/or junctions. The universality of the "confinement" is shown by
The Casimir scaling in baryon and meson is justified by A= 2A q 3 . Based on these calculations, a string (flux-tube) model is constructed [1] . For four-quark system, diquark-anti-diquark picture is often used because of the attractive property of diquark [11] [12] [13] [14] . Here the picture is used to study the tetraquark state in the flux-tube model. The configuration is shown in Fig.1 , where a quark (antiquark) is represented by a solid (hollow) dot, r i is (anti)quark's position, y i is the junction where three strings (flux tubes) meet. A thin line connecting a quark and a junction represents a fundamental representation, i.e. color triplet, and a thick line connecting two junctions is for a color sextet or other representations, namely a compound string. The different types of string may have different stiffness [15, 16] In the flux-tube model, the confinement potential of the tetraquark state takes the following form (To simplify the calculation, the length of the string is replaced by the square of the length),
where k is the stiffness of the string with the fundamental representation 3 and kκ d is the compound string stiffness, which can be obtained by [16] 
where C d is the eigenvalue of the Casimir operator associated with the S U(3) color representation d of the string, C 3 = For the given r i 's, the y i 's are fixed by minimizing the energy of the system. With fixed y i 's and in the center of mass coordinate, the potential reduces to
where the canonical coordinates take the following form
if all quarks have the same mass. Taking into account of the potential energy shift (see Eq. (7) above), the confinement potential V C used in the present calculation has the following form
Clearly our confinement potential is a multi-body interaction. The Hamiltonian for the four-quark system has the same as Eq. (2) with n = 4 and replacing the confinement potential by Eq. (24) . The wave function of the four-quark system is
where I i , s i and c i , i = 1, 2 represent isospin, spin and color of diquark and anti-diquark, respectively. The Jacobi coordinates are defined as
The four-quark state is an overall color singlet with well defined parity P = (−1) l 1 +l 2 +L , isospin I and total angular momentum J T .
The energy of the tetraquark states can be obtained by solving the four-body Schrödinger equation
To obtain a reliable solution of few-body problem, a high precision method is indispensable. The Gaussian Expansion Method (GEM) [8] , which has been proven to be powerful in nuclear and hadron physics, is employed here. In GEM, three relative motion wave functions are written as,
The choice of Gaussian size is the same as that of mesons (see Eq. (13). In GEM the calculated results are converged with n 1max =10, n 2max = 10 and n 3max = 10. Minimum and maximum ranges of the bases are 0.1 fm and 3.0 fm for coordinates r, R and X, respectively.
The model is applied to study the tetraquark states: nnnn, n = u, d, ssss, etc. Part of the results are shown in Table 3 . In obtaining the results, all the possible channels are included. So the model space is generally constructed by several thousands basis functions, for example, Y(2175), I
G J PC = 0 + 1 −− , the number of basis functions is 2000. From the Table 3 , some interesting results are worth to mention. For non-strange tetraquark, the masses of ground state and the first radial excited state with quantum numbers I G J PC = 0 + 0 ++ are 587 MeV and 1019 MeV, which are very close to the experimental values of f 0 (600) and f 0 (980). So the scalar meson f 0 (600) and f 0 (980) can be identified as tetraquark states in the present calculation, other than theP-wave exited states (see Table 2 ). The same conclusion is also obtained in the study of the lowest-lying scalar mesons by the QCD sum rule [17] . Another interesting state is Y(2175), which is observed by Babar Collaboration near the threshold in the process e + e − → φ f 0 (980) via initialstate radiation [18] and is confirmed by BES collaboration in the process J/ψ → ηφ f 0 (980) [19] . The Breit-Wigner mass is M = 2.175 ± 0.010 ± 0.015GeV, and width is narrow Γ = 0.058 ± 0.016 ± 0.020GeV. The quantum numbers are claimed as I G J PC = 0 + 1 −− . Various theoretical interpretations have been proposed to explain this resonance, strangeonium hybrid [20] . tetraquark state ssss [21] , Swave threshold effects [22] , φKK system [23] Obviously, the Y(2175) can not be planar, as shown in the Fig. 2 . From Table 3 , we can see an interesting phenomenon, Taking as the possible candidates of scaler meson observed experimentally, the ground states contain s, c quarks in our model have energies about 100 MeV lower than experiment values, while the excited states are consistent with experiment values. Further study is needed to clarify the situation. The reason may be that the coupling to two-quark state is missing, which the coupling will push the tetraquark state higher.
Unquenched Quark Model for Charmonium
To unify the description of meson, the unquenched quark model should be developed, i.e, the high Fock states, q 2q2 , qqg, q 3q3 , gg, · · · should be coupled withto give the meson spectrum. As a first step, we only incorporate the four-quark components in the present work. The meson state reads
where |ψ 0 represents two-quark state, and |BC; p represents four-quark states, which appear as two mesons with relative motion momentum p. The meson wavefunction satisfies the following Schrödinger equation
The system hamiltonian is
where H 0 is the hamiltonian for two quark state, which acts on ψ 0 only,
H BC stands for the four-quark hamiltonian, which acts on |BC; p only.
H I couples two-quark state |ψ 0 and four-quark state |BC . By solving the above Schrödinger equation, the mass of meson can be put as
where ∆M is the mass shift due to the channel coupling,
For the given channel BC, the mass shift
The percentage of two-quark state in the physical state of meson can also be obtained,
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EPJ Web of Conferences
To calculate the transition amplitude M JL , the 3 P 0 model, also called quark-pair creation model, which is developed to account for the strong decay of hadron [24] , is used. In the model, it assumes that quark-antiquark pair are created with vacuum quantum number J PC = 0 ++ . The diagrams of all possible decay process A → B + C of meson are shown in Fig.3 . In many cases only one of them contributes to the strong decay of meson. The transition operator in the model takes the form, 
1m1 − m|00 dp 3 dp 4 δ
where γ, which is a dimensionless parameter, represents the probability of the quark-antiquark pair created from the vacuum and can be determined by fitting the observed strong decay of hadrons. In general, the mock state is adopted to describe the meson with the spatial wave function ψ n A L A M L A (p 1 , p 2 ) in the momentum representation [25] .
with the normalization conditions
where n A represent the radial quantum number of the meson A composed of q 1 ,q 2 with momentum p 1 and p 2 . E A is the total energy and P A is the momentum of the meson A. 
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A are the spin, flavor and color wave functions, respectively. By using the above transition operator and the meson wave functions, The transition matrix element can be calculated,
where M M J A M J B M J C is the helicity amplitude of A → B + C. In the center of mass frame of meson A, P A = 0, and M M J A M J B M J C can be written as (color factor gives 1/3)
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with the momentum space integral,
where P = P B = −P C , p = p 3 , m 3 is the mass of the created quark q 3 ; χ 
To evaluate the momentum space integral, the space wave function must be fixed. Generally, one takes the simple harmonic oscillator (SHO) approximation for the meson space wave functions. It reads
with 
where
Combining Eqs. (41), (49) and (51), the mass shift can be obtained. To be noted that the physical mass M also appears at the right-hand side of Eq.(41), the iteration method should be used here. First by setting M = M A , the mass shift ∆M and the new physical mass are obtained, then substituting new physical mass in the Eq.(41), the new mass shift is obtained. Continue this process until a stable physical mass is reached.
Recently the mass shifts for charmonium, bottomonium and other mesons have been calculated by several groups [27] . The results show that the mass shifts are rather large, especially for the light mesons. So the contribution from the four-quark components cannot be ignored. Of course, part of the effects can be absorbed by the model parameters. It is very interesting to see that can the unquenched quark model improve the agreement between theoretical results and the experimental data? In the following, we take charmonium as an example, adjusting the model parameters and re-fitting the experimental data by incorporating the four-quark components in the quark model. The model parameters of the unquenched quark model for charmonium is listed in Table 4 . As a preliminary study, only the masses of quarks and the coupling constant α s of OGE are re-adjusted, other parameters keep their value in the model without high Fock components. γ = 6.95 and γ s = γ/ √ 3 [28] . The calculated charmonium spectrum is shown in Table 5 . Table 5 , we can see the percentages of cc in the physical states are all around 90%, which are different from the results of the previous work (where the percentage may be as low as 50% in Pwave states). The high percentage of cc is a welcome property, which make our calculation consistent, the higher Fock states, q 3q3 , · · · can be neglected safely. (2) The mass shifts for the states with the same n, L are almost same, which is consistent with other calculation [27, 29] .
(3) The experimental masses below the DD threshold are reproduced well, similar to the results of the quenched quark model (only cc component). This means that for the low-lying states, the fourquark contributions can be totally absorbed into the parameters. For the states ψ(3770), ψ(4040), ψ(4160) and ψ(4415), the model gives the masses close to experimental data, if these states are taken as 1 3 D 1 , 3 3 S 1 , 2 3 D 1 and 4 3 S 1 . (4) For given J, L, The mass shifts for small n is larger than that for large n. This feature leads to that the high states will be pushed higher, which it cannot be absorbed into parameters of the quenched quark model.
(5) As for the new charmonia (XYZ particles) observed in recent years [2] , some states can be identified as states in Table 5 , some states cannot be allocated due to their possible exotic structures, tetraquark, glueball, molecule, hybrid, etc. [2] . The assignments are listed in Table 6 . To keep in mind, these assignments are based on the masses only. To validate the assignments, decay properties calculation of these states needs to be done. 
Summary
The non-relativistic quark model has achieved great success in describing the properties of hadrons, especially for the low-lying states. With advance of experiments, more excited states are observed, the quark model should be developed. Unquenching thequark model is an important step for the development. How to unquench the quark model is still an open question. In the present work, the commonly used 3 P 0 model is employed and the unquenched quark model is applied to explore the charmonium spectrum. The calculation shows that the effects of including the four-quark component will affect the masses of highly excited states while keeping the agreement between theoretical results and experimental data for the low-lying states. The calculation also shows that the higher Fock states, q 3q3 can be neglected safely. The further work on unquenching quark model is to improve the wave functions of created quark-pair, the approximation of plane wave is used at the moment.
Another development of quark model is to study the multi-quark system, where the multi-body interaction may play an important role. Based on the lattice QCD calculation, a string (flux-tube) model is proposed to study the tetraquark system. The calculated results are encouraging, most of the scalar mesons can be described as tetraquark states in the model. An important feature of the model is that an alternative form of color confinement is used. So the multi-quark system is a good place to check the validity of the Casimir scaling [16] .
Another problem to be solved is how to coupling the Fock states with different color structures. String model is a good starting point. The mechanism to break and re-join the string needs to clarify.
